Introduction
India's encounter with Bt cotton -the country's first genetically engineered crop -has been highly contested and has rarely conformed to expectations. Particular efforts have been made to position and represent India's millions of cotton farmers within the debate over agricultural biotechnology, either by holding up their now widespread use of Bt cotton as an endorsement of the technology, or by using it as evidence of farmers' exploitation by multinational biotech corporations. While pro-and anti-agricultural biotechnology advocates leverage their claims against what will really benefit cotton farmers in India, farmers' own perspectives and priorities are often missing from the debate.
As with agricultural technologies generally, genetically engineered (GE) seed calls attention to the trade-offs being made between risks and benefits, although in this particular case the contest over who is making these trade-offs remains very much in flux. This article critically engages both pro-and anti-Bt cotton paradigms, and finds that in both cases the misconstrual or re-imaging of farmers' priorities and a narrow concept of "biosafety" (that is, the safety of human health and the environment) has hampered our understanding of what is at stake and what these trade-offs really cost. I introduce a broader risk framework as articulated by Bt cotton farmers in Andhra Pradesh, and argue that this case provides a compelling example of how political debate over GE farming can actually work to overshadow and redirect significant human and ecological implications of its use.
To address the gap of farmers' perspectives and priorities, I conducted interviews with small, medium, and large-scale cotton farmers in Andhra Pradesh. Analysis points to a number of significant unintended effects stemming from the use of Bt cotton, and highlights some important debates that are currently missing from the public discussion on agricultural biotechnology. Limitations of what I identify as a "biosafe use" paradigm advanced by Bt's cotton's supporters are identified, as it fails to reflect current working agricultural practices at the local level. This article also challenges the developmentalist tendency to stress crop yield as the motivator for using agri-biotech, by calling attention to how farmers consistently report that a reduction in pesticide usage is another important factor in their decision-making. And finally, this work questions civil society's sound rejection of agricultural biotechnology on the ground that it presents "inherent problems", while remaining oddly quiet on the question of the calamitous effects of heavy pesticide use for farmers.
"There is no person in this village without Bt": research methods and context
This article examines how farmers regard Bt cotton, India's controversial, first and only commercialized genetically engineered crop. It also investigates the vantage points from which farmers' engagement with Bt cotton have been taken up and too often misconstrued. Bt cotton contains genetic material from the soil bacterium Bacillus thuringiensis in order to lend the hybrids an increased capacity to resist certain (Lepidopteran) pests. I employ a data set of ten interviews in seven villages in the Guntur and Warangal districts of Andhra Pradesh (Figure 1 ), an important cotton-producing state, with more than 1.65 million hectares planted, or 18% of the national total (Clive 2010) . Interviews with cotton farmers were carried out between April and May 2009.
2 Though the interviews varied as to number of participants (sometimes conducted with small groups, other times with a single participant), all were semi-structured and approximately one hour long. The interviews consisted of two broad sets of questions. The first was organized around agronomic practices whereby farmers detailed their available land and specific growing conditions, crops grown, length of time they have been growing Bt cotton, any major pest attacks, and where they procured their seed. The second part of the interview focused on the perceived risks and benefits of working with biotech seed by inquiring as to any current and specific concerns around Bt cotton, any changes noted since using Bt seed (in terms of pests, crop yields, and chemical inputs), their reasons for using Bt cotton, and any expectations for the technology more generally. Interviews were analyzed using Excel and Atlas.ti qualitative data software. Research participants were sampled opportunistically; and it should be noted that specific villages are represented here with pseudonyms. Andhra Pradesh and the district of Warangal in particular are established in the literature as significant cotton-producing regions for the nation (Qayum and Sakkhari 2002; Stone 2007; Herring 2008) . The district of Guntur provides an interesting comparison, as farmers there grow chili alongside cotton as an alternative cash crop (Sri, Rao, Sekhar and Chalam 2010) . There was an earlier adoption of GE seed in Warangal, with farmers in the villages of Raseetha and Penthapali starting as early as 2002, which was the first year of commercialization. I have classified "small-scale" farmers as those working with one to four acres of land, "medium-scale" farmers with five to nine acres, and "large-scale" farmers with ten acres and above. The opportunistic nature of the sampling meant that a larger proportion of what I classify as "large-scale" farmers are represented. It should be noted that no farmers worked more than 18 acres of land and that these large holdings were leased, rather than owned. One benefit of a larger sample of "large-scale" farmers is that it helped call attention to certain impacts of Bt cotton on hired labor, as smallscale farmers tend to hire fewer laborers and distribute work among family members whenever possible. Furthermore, all participants may be considered marginal producers when considered in the light of global industrial cotton production (where by cotton is grown on farms measured in the hundreds of acres in the United States, for example). Agricultural biotechnology has sparked controversy around the world for a host of reasons, from questions of how to regulate it, to discussions regarding the ethics of its application (Jasanoff 2005; Carr and Levidow 2000) . Points of dispute in northern states have often focused on scientific uncertainties regarding potential medium and long-term health and environmental risks of GE, as well as the extent to which the technology advances corporate power through patenting of the food chain (Bernauer 2003) . The risks of GE farming in India have been debated both along social and ecological lines. Controversy over Bt cotton began in Andhra Pradesh after a tragic spate of farmer suicides (Stone 2002) , blamed by some on what has been called the "failure" of Bt cotton crops (Sahai 2005; Herring 2007 ). To critics, these deaths represented the risks of increasing rural poverty and farmer indebtedness having purchased high-tech seed. Later, a series of mysterious livestock deaths were alleged (if unfounded) to be tied to the animals' grazing in Bt fields and helped launch the region into international biotechnology debates (Rao 2007) . Again, critics decried Bt cotton for presenting environmental questions poorly understood by science.
The controversy over biotechnology in India meant that my interviews took place in a social environment marked by division, though not within the villages particularly. Rather, divisions between the proponents and critics of Bt cotton are entrenched in seemingly perpetual debates about Bt cotton's efficaciousness (Herring 2009 ) and a fetishized concern with proving or contesting its yield increases, as though the numbers might hold the power to persuade all skeptics. There are divisions over GE policy, including the regulatory failure to safely release the first Bt cotton hybrids in India (Herring 2007) , and civil society's successful blocking of the release of Bt brinjal (aubergine) in 2009, which was slated to be India's first genetically engineered food crop (Sharma 2010) . There have been tussles over the name of India's biotech regulatory body -recently changed from the Genetic Engineering Approval Committee, with its ring of accommodation, to a more rigorous-sounding Genetic Engineering Appraisal Committee (GEAC).
5 And there is the suggestion of division yet to come, as a long awaited Bill to transform the structure of the regulatory regime remains hotly contested (Sengupta 2011) . What concerns us here, however, is the remarkable gap between those national or international debates regarding the risks that Bt cotton presents to these farmers, and the very different sites of risk articulated by the farmers themselves.
"Imagined farmers" and established crops
Political ecologist Raymond Bryant argued a decade ago that "the interaction between environmental and political forces will mediate Third World development in unprecedented ways" (Bryant 1992: 12) . This has certainly proven to be the case for the conflicts and negotiations over agricultural biotechnology. From local Indian non-governmental organizations (NGOs) to transnational organizations, people opposing to the use of GE seed can be found at every level, as can others who are working to improve biotech regulations or develop new transgenic crops. Most of these people, whether supporters or opponents of agri-biotech, enjoy the privileges of urban life and education. Meanwhile, both the use and the eschewal of Bt crops is having important health and environmental impacts for marginal farmers and the direction of future agricultural development in India. Thus the jockeying to speak on behalf of the more than six million Bt cotton producers nationwide (Clive 2010 ) is an increasingly charged political act. This article seeks to problematize these representations in the spirit of what Nick Rose has called the "…the contestability of regimes of authority that seek to govern us in the name of our own good" (Rose 1999: 59) .
Much like Ryan Galt's work with Costa Rican farmers and the regulatory risks they face, this article identifies two broad political positions taken up in the Bt cotton risk debate. Galt identifies the agrochemical industry position, first dubbed the "safe use" paradigm by Murray (1994) which assumes pesticide usage to be a vital -if hazardous -dimension of productive farming; and advances training and information to ameliorate conditions for the use of pesticides in the global South (Galt 2007: 389) . This argument applies similarly to Bt cotton, in what we might consider the "biosafe use" criteria that industry and regulators espouse, whereby agricultural biotechnology's risks are posited as worthwhile and negotiable with the right training and knowledge. Likewise, Galt identifies an "inherent problems" paradigm that argues pesticide usage is intrinsically dubious given basic features of the technology itself and the consistent lack of caution with which pesticides are used. In explaining the position of his own work, which conforms to neither camp, Galt writes that "…explaining farmers' caution with pesticides is not to downplay pesticides' many negative effects or to paint a rosy picture about chemically-dependent agriculture, but is instead to acknowledge that farmers can effectively respond to regulation to tackle some pesticide problems" (Galt 2007: 389) . Similarly, this article would suggest that somewhere between the "biosafe use" and "inherent problems" of GE paradigms, there are millions of Indian farmers who are navigating risks and regulations in ways that warrant a closer look. These navigations reveal a rationality in farmers' land management (Blaikie and Brookfield 1987) and can help to unpack the motives for, and impacts of Bt cotton use in India.
Informing this effort is Gupta's acclaimed work in rural Northern India as he reconciles so-called "indigenous knowledges" with "modern" farming technologies and the complex hybrid practices that emerge from this . This work gives "substance to the interrelationships between humoral theories of agronomy, local politics, and the development-oriented institutions and policies of the nation-state" (Gupta 1998: 226). 6 Gupta, for instance, identifies the importance of both the Vedas and the Green Revolution in the agricultural development of the village.
7 Tellingly, this nuanced hybridity becomes increasingly elusive as Gupta's focus moves from farmers and their practices, to their leaders engaging global environmental movements -some of whom would later become rather well known for anti-GE activism in India (e.g. Nanjundaswamy's Operation Cremate Monsanto). At the end of the twentieth century, important farmers' associations were involved in anti-globalization campaigns that resonated with India's earlier nationalist struggle (Gupta 1998: 322) as evidenced in the campaign to have biotech giant Monsanto "Quit India" just as India had once mobilized against British colonial rule. Global capitalism, as epitomized by transnational corporations like Monsanto, is "a powerful source of environmental change" (Bryant 1992: 20) , and in this case Monsanto did not in fact Quit India. A decade later, Monsanto's Cry 1Ac and Cry2Ab genes constitute the lion's share of the patented genes in Bt cotton hybrids that have been only increasingly taken up around the country. But they have been taken up, I would suggest, with dexterity and hybrid learning comparable to that noted by Gupta in the adoption of Green Revolution technologies before them.
The Indian context provides a lively example of where agri-biotech policies can be analyzed as the result of an active "…struggle between competing actors…" seeking to shape their own governance (Bryant 1992: 18) . With this in mind, in the next section I address the decreased use of pesticides that has accompanied the rush for Bt cotton, a transformation with its own important ecological, political and health effects.
Pesticide problems and the GE debate
Currently, India is the largest producer of pesticides in Asia and ranks twelfth in the world for the use of pesticides (Abhilash and Singh 2009: 1) . The risks of pesticide usage are myriad, and are fruitfully disaggregated for analytic purposes; they may include health effects, environmental impacts, and regulatory risks to those who apply them, as well as risks to others who may consume pesticide residues on food crops (Galt 2007: 370) .
8 Given the widely agrarian nature of Indian society, large numbers of people are hence exposed to a range of chemicals used to control insect populations, weeds and fungi, although the use of pesticides is not evenly distributed around the country. Pesticides are chiefly used on commercial crops, and it has been reported that, "cotton cultivation alone uses more than 60% of the national consumption." (Mancini, Van Bruggen, Jiggins, Ambatipudi and Murphy 2005: 221) . Recent news put the expenditures for pesticides employed in cotton production at 3.8 billion rupees (US$683m), that is nearly half of the market in 2011, valued at around 8 billion (US$143.8m) (Koshy 2011). Cotton farmers have relied heavily on insecticides since shifting from desi (traditional) seed varieties to higher yielding hybrids in the 1980s. In fact, since that time pesticides have accounted for 40-50% of the cost of producing cotton (Abhilash and Singh 2009: 4) . The crop is under threat from a range of different pests, but the bollworm is largely considered the most harmful, as it has been known to reduce cotton yields by 60-80% and lead to approximately one billion dollars (55,625 billion rupees) worth of crop loss per year (Gujar 2001) .
Integrated Pest Management (IPM) "is a complex, knowledge-based technology that combines biological, cultural and chemical control" in order to rein in the use of pesticides while managing pest populations at levels that do not harm the economic viability of a crop (Mancini 2006: 27) . This technology is largely credited with helping reduce pesticide usage from its peak in early 1990s (at around 75,000 metric tons of active ingredient) (SEEP 2010:1).
9 It is also known for being a labor-intensive approach to pest management, routinely involving manual checking of fields for pests among other techniques. Moreover, IPM as a management strategy does not preclude the use of Bt cotton, nor GE crops generally (Naranjo et al. 2008: 163) .
Nevertheless, many farmers have relied on (and even overused) pesticides in order to combat cotton's pests, like the bollworm (Shetty 2004: 5264) . On more than one occasion during my research, with a memory-rich and palpable dread, cotton farmers described the discovery of a bollworm infestation and how a crop could be ruined virtually overnight. Given the small plots of land many of the interview participants were working with, and the important role cotton plays as a source of cash for their households, such narratives helped to orient me to the narrow agro-ecological options available to farmers and why they might adopt heavy pesticide usage despite its well-known health, economic and environmental costs.
Within the districts of Guntur and Warangal, jassid, whitefly, and a variety of bollworms are all _________________________________________________________________________ 6 Gupta describes the humoral elements identified by farmers as hot and cold, dry and wet (Gupta 1998: 182) . 7 The Vedas are an ancient body of sacred Hindu writing. 8 Regulatory risk has been defined as the "…possibility that an actor's behavior will be subject to state regulation and that out of compliance behavior will result in negative consequences that impact the actor" (Galt 2007: 379) . 9 The role of pesticide policies and regulations is also of critical importance in accounting for this reduction, as India's government banned the use of hexachlorocyclohexane (BHC) in 1997, which had accounted for approximately 30% of total pesticide consumption (SEEP 2010: 4).
The Journal of Political Ecology Vol.19, 2012 166 significant pests. 10 The "indiscriminate use" of synthetic chemicals in pest control has also harmed "the natural enemies of pests", leading to growing difficulties in controlling pest populations (Shetty 2004: 5262-3) . While in these districts approximately fifteen sessions for pesticide application is the optimum level to control cotton pests over a growing season, recent research has found that in Warangal this has risen to twenty or even thirty applications (Shetty 2004: 5263) . This also renders the work more dangerous to farmers' health, and the crop less profitable. It has also been found that up to 47% of the farmers in the state of Andhra Pradesh purchased their pesticides on credit; they are then often compelled to sell their harvest back to the traders and moneylenders that financed them (Shetty 2004: 5265) . Such transactions disadvantage farmers, but they often do not have the time (to remain in debt) or the storage capacities to hold on to their crops until the Government establishes a (higher) minimum support price later in the season.
In my first of three interviews in the village of Juradi, one participant described how prior to growing Bt cotton, he would have to spray as many as twenty times in a season for as many as seven to fifteen days in a row. However, since the shift to Bt cotton, he sprays one time about a month after planting, again at sixty days, and a final time around 120 days, with the arrival of "crop time." This new spraying standard of "three to four times per crop" came up again and again in farmer interviews, and appears to be the new operating standard not just in Guntur's villages but those of Warangal district as well. These findings correspond with other research reporting that Bt cotton receives fewer pesticides than its conventional predecessors (Kleter et al. 2007 (Kleter et al. : 1111 Stone 2011: 395) . The reduction in application of pesticides from an optimum of fifteen sprays (or in excess of this) to an average of three to four sprays also helps limit the impacts of synthetic chemical use in agriculture.
12 The development of resistance to these products is of particular concern, and the complex of pests has been undergoing considerable change since the use of cotton hybrids over desi varietals 13 became widespread 30 years ago (Shetty 2004: 5262) . Since that time, the technology itself has been transformed, and while a decade previously, farmers used a higher-volume and lower cost pesticide, current products on the market are sold in lower volumes at higher prices (because they are more highly concentrated). As an NGO staff member in the region explained, farmers "just need to spray 60ml per acre when they used to go for one liter". This trade-off between higher toxicity in pesticides and their dramatically reduced usage signals another category of concern: health effects associated with pesticides, and how these affect the use of genetically engineered cotton. _________________________________________________________________________ 10 Common in the region: Jassid (Amrasca devastans); Whitefly (Bemisia tabaci); Pink bollworm (Pectinophora gossypiella); American bollworm (Helicoverpa armigera); Spotted bollworm (Earias vitella); Army bollworm (Spodoptera litura) (Rana 2010, ch3) . 11 One quintal is equal to one hundred kilograms. 12 More precisely, an average of 2.6 to 3.6 applications, rounded up. 13 Varietals can be distinguished from hybrid plants in that hybrids, through controlled cross-pollination, demonstrate greater desired characteristics ("hybrid vigor") but must be cross-pollinated afresh each generation to do so. In the case of Bt cotton, hybrid seeds are therefore purchased each year. Varietals, if less productive, remain conducive to seed-saving and replanting in future years.
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Rashes, headaches, and nausea were listed by a farmer from Penthapali as regular occurrences while farming conventional cotton. Each is a well-known symptom stemming from acute toxicity due to contact with chemicals and contaminated farmlands (Bag 2000) . These effects are not only felt by the (usually male) farmer who applies the pesticides, but also the (usually women) farmers/hired laborers who dilute the chemicals with water and fill the spray tanks. Women are also exposed by working in recently sprayed fields for harvest or other routine work.
14 Moreover, most of the suggested protective measures are not adopted. Protective gear is considered hot and cumbersome, and many men spray without the use of gloves, shoes or a cloth to cover their mouths, despite working in these fields for three or four hours at a time. Research has found that farmers are generally aware of their risk of exposure as a result of these practices, but safety training rarely changes their day to day actions (Mancini et al. 2005: 212) .
Reduced pesticide costs and exposure benefit the most marginal farmers in Andhra Pradesh because they have the most the gain. Malnutrition or other co-present medical conditions make such populations especially vulnerable to poisoning; while poverty makes them most likely to be applying the pesticides in the first place (wealthier farmers with greater land holdings hire laborers for such tasks) (Mancini et al. 2005: 222) . However as we will see below, the pesticide problem of is in fact a shadow-side of the GE debate in India. GE seed is generally contested on rather different grounds. Nevertheless, this shadow-side is clearly implicit in farmer decision-making, even as it remains rarely articulated by civil society.
The contested merits of Bt cotton
India's civil society has raised concerns regarding agri-biotech and these have shifted over time, reflecting a changing policy landscape and the increasing uptake of Bt cotton by farmers over the past decade. Initial apprehension (prior to the commercialization of Bt cotton in 2001) focused on the place of large multinational corporations in Indian agriculture, and the loss of farmer autonomy to produce their own seed (Shiva, Emani and Jafri 1999; Shiva 2000) . In the case of cotton, farmers already had more than 20 years of experience purchasing hybrid seed rather than producing and saving their own desi varietals, a factor that GE opponents may well have initially disregarded.
Environmental risks, such as the potential out-crossing of transgenes, insect resistance to the Bt toxin 15 or its impact on local grazing animals, became the next wave of concern. This began with controversial news that farmers in the state of Gujarat were growing Bt cotton before regulators had approved the technology (Herring 2007) and that even after its commercialization, farmers all over the country were rejecting the recommended biosafety practice of planting 20% of their cotton fields with a non-Bt cotton refuge as the border, in favor of growing as much Bt cotton as their lands allow. The confusion over authorized seed and their quality at this time lead some critics to assert that Bt cotton had "failed" (RFSTE 2002; Special Correspondent 2003) and spurious seed sought legitimacy in the market by implying Bt genes -(e.g. calling itself the "BesT"). During my field research in 2009, seed packaging by well-established companies such as Nuziveedu with regulatory approval to sell Bt hybrids still boasted a "truthful label" and "higher yield through quality" in order to reassure customers. The most recent period can be characterized by a disappearance of cotton farmers from the center of anti-GE discourses and shift toward the risks presented to India's consumers via Bt brinjal as a GE food crop. Brinjal (Solanum melongena) is widely grown by marginal farmers on very small plots of land (one estimate maintains that an average resource poor farmer cultivates one acre of brinjal (Choudhary and Gaur 2009: 63) . Despite its popularity among marginal farmers, brinjal can require significant inputs, particularly in terms of insecticides to fend off its most problematic pest, the fruit and shoot borer. On October 14 th , 2009 the GEAC released Bt brinjal for commercialization but the Ministry of Environment and Forests usurped the decision a day later. Responding to the strong response from certain civil society groups, the Minister Jairam Ramesh indicated he would first conduct a series of consultations with stakeholders in January and February of 2010, prior to any final approval for the crop's release (Staff Reporter 2010). Ramesh's decision to implement a moratorium on Bt brinjal showcased both the strength of civil society's opposition and Ramesh's desire for maintaining transparency in India's GE risk management (Chowdhury and Srivastava 2010: 18) . This discursive shift away from farmer's right and GE's environmental risks and towards consumer's rights sets the stage for a strange new tension, whereby farmers' risks (of pesticide exposure) and consumer's risks (from eating Bt brinjal) are inversely related.
The environmental risks of GE farming as articulated by civil society, however, do not easily align with those highlighted by the cotton farmers interviewed for this study; instead an "imagined farmer" appears to motivate much skepticism from activists. The imagined farmer will be misled or coerced by big business, and suffer ruinous crop failure or unknown ailments from working with GE seed. The imagined farmer has no interest in agri-biotech, though increasingly he is compelled to plant Bt cotton because other seed is no
_________________________________________________________________________
The Journal of Political Ecology Vol.19, 2012 168 longer available for purchase (Satheesh 2003; Special Correspondent 2003; Shiva and Jalees 2006) . Nevertheless, in each of the interviews across seven villages considered here, participants consistently prioritized their reduction in pesticide usage and associated costs as motivators for, and explicit benefits of, switching to Bt cotton. Likewise, when questioned about the risks of cotton farming and how those risks might differ between conventional and Bt production, a number of pesticide-related concerns were articulated. One respondent from Juradi described sometimes needing up to two or three days of rest after applying the chemicals. He then went on to explain that while he used to spend 5000-6000 rupees (US$90-108) in pesticides over a season, he now spent around 1000 (US$18). As the participant saw it, this meant "less cost, more profit". The profitability of Bt cotton has proven contentious and is well studied (Rana 2010; Qaim, Subramanian, Naik and Zilberman 2006; Bennett, Kambhampati, Morse and Ismael 2006; Smale, Zambrano and Cartel 2007) . Agricultural economists looking across several countries in the global South have found "Bt cotton's impacts are 'inconclusive'" to date (Smale et al. 2007 ). However, recent research says that Bt cotton is most impressive in a context where previous loss of the crop due to pests was extensive; alternatively, where there is less dramatic crop loss, the impact of Bt cotton is less significant (Finger et al. 2011) . A reliance on increased yield and profitability data as the overriding justification for Bt cottonwhich is not uncommon among those advocating for its use (as evidenced in the sheer mass of industry, State, and economic-development groups yield studies 16 ) -may actually overshadow other potential benefits for farmers in those locations where crop loss due to bollworm is less extensive.
Certainly, when asked if there were any benefits to using Bt cotton, farmers routinely pointed to higher yields and increased profits. The range of reported yield increases spanned from five to ten quintals (1 quintal=c50kg) per acre planted with conventional cotton, up to ten to twenty quintals of Bt cotton. As one farmer from Bhirgarty rhetorically asked, "what does [a] loss on Bt mean?" indicating that it was something he had yet to see. A medium-scale farmer who grows six acres of cotton alongside other crops pointed out that the less land a farmer has, the more likely that farmer will grow Bt cotton exclusively because it is increasingly viewed as a "ticket to growth". A longitudinal multi-village ethnographic study conducted in Warangal confirms that with the arrival of Bt cotton in the district "…yields rose 18%, with the greatest increases in the poorest villages…" (Stone 2011: 395) .
Unintended effects and unexpected outcomes
Despite the above incentives to plant Bt cotton, and the satisfaction it enjoys among participants at this time, this agricultural biotechnology was hardly regarded by farmers as a panacea. When asked what their expectations were for Bt cotton, responses were always measured and tended to focus on a decided lack of expectations. Many stated that they would use GE seed as long as it was the "best option", that is, until it either ceases to produce satisfactory results or another more impressive seed comes on the market. As a farmer from Raseetha put it, the bottom line is that: "expenditure must be less, profit must be more". Thus, while widely regarded as the first choice at the moment, Bt cotton is not impossible to fault. In this section I examine some of the unexpected outcomes of the Bt cotton boom in Andhra Pradesh.
From the earliest days of commercialization, farmers and regulators regarded the biosafety of agricultural biotechnology in very different ways. While regulators were charged with the safe release of GE seeds that had properly moved through India's three-tiered regulatory regime (Freeman, Satterfield and Kandlikar 2011) , farmers were driven by the urgent need for arresting the loss of their crop. As noted above, the regulatory regime imagined farmers planting a border of non-Bt cotton around the perimeter of the crop; a biosafety precaution intended to reduce the risk of building resistance to Bt among bollworm (GEAC undated). Seed producers are required to include a separate small package of non-Bt cottonseed with the package of GE seed for these refugia.
When I inquired as to this practice among farmers, one man from Juradi diplomatically stated that, "some use it". However, not one of the 39 participants actually responded by affirming their own use of the refuge seeds. The reasons offered for this ranged from criticism that the seeds produced gangly and unproductive plants, while others explained their land constraints were such that they prefer to plant food crops along the border (e.g. daal) or most commonly, more Bt cotton instead. This disconnect between statemade policy and the quotidian application of agri-biotech presents a regulatory dilemma. To what extent should regulators seek to entertain local notions of risk and biosafety in their policy design? And what happens when the imagined farmer turns out to actually clash with regulatory norms? Set against memories of local men dying from their exposure to toxic pesticides, the urgency of a border crop for safety reasons does not translate well. Nevertheless, the refugia has its purpose and already Monsanto claims to have found evidence of resistance of pink bollworm to Bt (Jebarai 2010) , though these conclusions remain contested by India's Central Institute for Cotton Research (MoEF 2010). The quandary here is not so much that the regulations are unreasonable, but rather that they remain removed from farmer's experience of risk and are thus unlikely to be endorsed. If such policies manage to locate themselves within that larger matrix of hazards -from the imperatives of poverty to pesticide poisoning -faced by farmers, then a new relevance may yet be found. In fact, recent proposals include a strategy of including the "refuge in a bag" by incorporating the non-Bt seed in the package, rather than keeping it separate to be planted at a border. This socio-ecological compromise also includes bringing the amount of refuge seed to be included from 20% to a mere 5% (Chandrashekhar 2011) . Meanwhile, the question of how Bt cotton is affecting insect ecology remains complex, and not yet well understood. The Cry genes in Bt cotton impart toxins for Lepitopteran pests, but not "sucking pests" (Hemipteran) such as the mealy bug, mirid, aphid and whitefly. There is early evidence that these pests may have an affinity for some of the Bt cotton hybrids; however, it is not clear whether this change stems from a reduction in pesticide usage as is being currently observed, because the chronic application of insecticides has also been known to cause such infestations (Stone 2011: 391) . In fact the early days of Bt cotton's commercialization saw a difference in insecticide use between Bt cotton and conventional cotton from 2.58 and 6.44 kilograms active ingredient per hectare, respectively in 2004 (SEEP 2010: 1); however, later Bt hybrids susceptible to sucking pests have required a modest, if distressing, increase in insecticide (Kranthi et al. 2011: 19) . 17 The impacts of Bt cotton on farm labor requirements are also compelling and ambiguous. It is commonly argued that farmers using Bt cotton have greater labor requirements, and usually hire local women to help with larger harvests (Qaim et al. 2006) . However, the participants in this study often pointed to a reduction in labor requirements as a result of Bt cotton. Farmers in every village explained that the reduced applications of pesticides help account for this, as well as certain attributes of the Bt cotton itself. As one farmer put it, "the women are happy!" This is because they find the Bt hybrids enjoy more uniform boll flowering and bursting than the conventional crop, making the cotton "easier" to collect more quickly and comfortably. Thus, tasks typically assigned to men such as sprayings are reduced, and those tasks typically reserved for women may appear to increase given larger yields, but are also hastened by the ameliorated working conditions. Certainly, the Cry genes cannot be held accountable for such characteristics, as they simply impart Bt toxin to the plant cells. It may be that farmers are inadvertently endorsing particularly wellsuited new hybrids that happen to be genetically engineered. It is also possible that the perception of decreased labor requirements reflects a greater valuation of those male-oriented tasks that have been reduced, alongside an assumption that the women are in fact content. Only one woman was directly interviewed in this research, as she managed her own cotton field -though other women sometimes attended my interviews with male heads of households -so I cannot confirm or refute such attributions. In any case, it is crucial to keep in mind that hired laborers, male or female, are among the most vulnerable in a village economy. If in fact there are fewer employment opportunities as a result of Bt cotton being "easier to grow", this will have important implications for the most marginal households.
Another unanticipated effect explored in the interviews is a change in cropping patterns in all five of the Bt growing villages in Warangal District -also noted in Brookes and Barfoot (2009) . These farmers reported that the Bt cotton-growing season was shorter than when they grew conventional hybrids, affording them two extra months, which they now all use to grow an additional crop of maize. This change was not noted in Guntur, perhaps because farmers in that area are already accustomed to alternating their cotton crops with chili -another important cash crop in the region (Venkataramalu, Hanchinal, and Hirevenkanagoudar 2010) . While Warangal's farmers were uniformly pleased with the opportunity to cultivate maize, this new cropping pattern may yet prove to affect soil quality or other aspects of the farm ecology, and increase the "pressure of production" on the land (Paulson, Gezon and Watts 2003: 205) , warranting further scholarly attention. There is in fact a certain irony in this transformation as well, as it is not uncommon to hear complaints among farmers in Warangal that men from Guntur have depleted their soils from overuse and are moving to Warangal in search of healthier land.
A final point here about the unanticipated, thoroughly overwhelming nature of the Bt cotton seed market: as Stone has documented, there is an exceptional pace with which new Bt cotton hybrids are arriving on the market (Stone 2011) . In 2010, there were a total of 780 Bt cotton introductions approved for planting, a full 258 more than the previous year (Clive 2010) . Remarkably, this astonishing flood of new seed cannot meet the growing demand (Mukherjee 2011) , and in some regions, brief violent outbreaks have arisen as frustrated farmers in long lines for this year's seed were met with limited supply (Bhosale 2011) . In many ways, Bt cotton presents a certain paradox in that it offers at once an abundance and a dearth of choice. Stone has carefully detailed the erosion of farmers' opportunities for environmental learning, and how the current melee of seed encourages social learning over environmental testing (Stone 2011: 393) . 18 Certainly, the farmers interviewed for this study highlighted several popular brands (Mallika, Bunny, Rasi, and Tulasi alongside the latest Mahyco hybrids) that were consistently listed as preferred seed despite the much longer _________________________________________________________________________ 17 Thus, the rates in expenditure for insecticide can be traced from their 2001 levels (Rs.10520m or roughly US$228m) and falling steadily until 2006 (Rs.5790m, or US$125m) and then increased gradually to Rs.8804 million (US$191m) by 2010 (Kranthi 2011: 19) . 18 Stone describes environmental testing as being "…based on evaluations of pay offs from various practices" while social learning is when "…decisions are based on imitation" (Stone 2011: 393 It has become extremely difficult to purchase non-Bt seed from market sellers any longer. Lastly, the implications of the dramatic increase in acreage being dedicated to cotton remain to be seen, reflecting that tension between the risks and benefits of this technology; and highlighting important political ecological questions regarding how Bt cotton -as a set of widely adopted new cultivars -may affect local agricultural diversity (Robbins 2004: 215) . In the past year, there was an increase of a million hectares in Bt cotton, "from 8.4 million hectares in 2009 to 9.4 million hectares in 2010" (Clive 2010) . What were these vast tracts of land previously used for, and what is the significance of the shift for farmers' health, incomes and environments?
Conclusion
At the heart of the Bt cotton controversy is a conflict over how decisions regarding the technology are made and who gets to make them, as well as how the impacts of, and access to, Bt cotton are managed. This case provides a compelling example of how political debate over GE faming can actually work to overshadow and redirect the significant human and ecological implications of its use. From the reduction of pesticide usage, to the proposed transformation of refugia practices, to the suspension of Bt brinjal, this controversy is shaping the direction of India's agricultural development. The plurality of the vantage points in this conflict necessitate that we look not for the techno-scientific "truths" about Bt cotton, so much as for what Blaikie has called an "opening up of spaces for negotiation between different parties" (Blaikie 1995: 203) .
Interviews with farmers in Andhra Pradesh suggest that India's Bt cotton controversy currently excludes several unintended effects and certain missing debates. I suggest this is because both those who advocate for the "biosafe use" of Bt cotton, and those who critique it as having "inherent problems" imagine farmer engagement with the technology in ways that do not always reflect farmers' own practices and priorities. Instead, much like Galt's account of Costa Rican farmers (Galt 2007) , we see Bt cotton producers in India negotiating nuances of risk. I have described a broader spectrum wherein GE seed is among a number of hazards, and this framework includes the risks presented by pesticides, which in cotton production are considerable. Given these results, I urge a more expansive assessment of the trade-offs between risks and benefits that farmers are making with GE seed, alongside a closer look at the nuances of their decisionmaking. In this way, the full spectrum of effects and debates caught up in India's Bt cotton controversy may be addressed.
